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Abstract With respect to decision-making problems by using probabilities, immediate probabilities and
information that can be represented with intuitionistic fuzzy information or interval-valued intuitionistic
fuzzy information, some newdecision analysis are proposed. Firstly, some operational laws, score function
and accuracy function of intuitionistic fuzzy values or interval-valued intuitionistic fuzzy values are intro-
duced. Then, we have developed some new probability aggregation operators with intuitionistic fuzzy
information: Probability Intuitionistic Fuzzy Weighted Average (P-IFWA) operator, Immediate Probabil-
ity Intuitionistic Fuzzy Ordered Weighted Average (IP-IFOWA) operator, Probability Intuitionistic Fuzzy
Ordered Weighted Average (P-IFOWA) operator, Probability Intuitionistic Fuzzy Weighted Geometric
(P-IFWG) operator, Immediate Probability Intuitionistic Fuzzy Ordered Weighted Geometric (IP-IFOWG)
operator and Probability Intuitionistic Fuzzy Ordered Weighted Geometric (P-IFOWG) operator and
applied these operators to decision-making problem about the selection of the optimal production strat-
egy. Furthermore, we shall extend the developed models and procedures to solve probabilistic decision-
making problems with interval-valued intuitionistic fuzzy information. Finally, we give an illustrative
example about selection of strategies to verify the developed approach and to demonstrate its feasibil-
ity and practicality.
© 2012 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
Atanassov [1,2] introduced the concept of Intuitionistic
Fuzzy Set (IFS) characterized by a membership function and a
non-membership function, which is a generalization of the con-
cept of fuzzy set [3] whose basic component is only a member-
ship function. The intuitionistic fuzzy set has receivedmore and
more attention since its appearance [4–18]. Later, Atanassov
andGargov [19,20] further introduced the Interval-Valued Intu-
itionistic Fuzzy Set (IVIFS), which is a generalization of the IFS.
The fundamental characteristic of the IVIFS is that the values
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doi:10.1016/j.scient.2012.07.017of its membership function and non-membership function are
intervals rather than exact numbers. Bustince and Burillo [21]
defined the concepts of correlation and correlation coefficient
of IVIFSs, and developed two decomposition theorems of the
correlation of IVIFSs. Hong and Choi [22] generalized the con-
cepts of correlation and correlation coefficient of IVIFSs in a gen-
eral probability space. Hung and Wu [23] proposed a method
to calculate the correlation coefficient of IVIFSs by means of
‘‘centroid’’. Grzegorzewski [24] proposed some distances be-
tween intuitionistic fuzzy sets and/or interval-valued fuzzy sets
based on the Hausdorff metric. Xu and Chen [25–27] devel-
oped some information aggregation operators with interval-
valued intuitionistic fuzzy information. Xu and Yager [28]
investigated the dynamic intuitionistic fuzzy multiple attribute
decision-making problems and developed some dynamic ag-
gregation operators with intuitionistic fuzzy information or
interval-valued intuitionistic fuzzy information. Wei [29] de-
veloped some dynamic geometric aggregation operators with
intuitionistic fuzzy information or interval-valued intuitionistic
fuzzy information.Wei [30] developed some induced geometric
evier B.V. Open access under CC BY-NC-ND license.
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information. Li [31] proposed the linear programming method
forMADMwith interval-valued intuitionistic fuzzy sets. Ye [32]
developed multicriteria fuzzy decision-making method based
on a novel accuracy function under interval-valued intuitionis-
tic fuzzy environment. Ye [33] extended TOPSIS method with
interval-valued intuitionistic fuzzy numbers for virtual enter-
prise partner selection. Xu [34] used the Choquet integral to
propose some correlated aggregating operators for aggregating
intuitionistic fuzzy values or interval-valued intuitionistic fuzzy
values with correlative weights.
Another interesting approach is the use of probabilistic in-
formation in the analysis because we are able to introduce ob-
jectivity in our studies. In the literature, we find a wide range
of models that use probabilistic information, such as the im-
mediate probabilities [35–37] and the Dempster–Shafer theory
of evidence [38,39]. Recently, Merigó [40,41] has suggested the
Probabilistic OWA (POWA) operator. It is an aggregation oper-
ator that unifies the probability with the OWA operator con-
sidering the degree of importance that each concept has in the
aggregation. Moreover, he has also suggested the Probabilistic
Weighted Average (PWA) [42]. Its main advantage is that it uni-
fies the probability and the weighted average in the same for-
mulation considering how relevant they are in the aggregation.
In this paper, we investigate the probabilistic decision-
making problems with intuitionistic fuzzy information or
interval-valued intuitionistic fuzzy information; some new
probabilistic decision-making methods are developed. Firstly,
some operational laws, score function and accuracy function
of intuitionistic fuzzy values or interval-valued intuitionistic
fuzzy values are introduced. Then, we have developed some
new probability aggregation operators with intuitionistic fuzzy
information: Probability Intuitionistic FuzzyWeighted Average
(P-IFWA) operator, Immediate Probability Intuitionistic Fuzzy
OrderedWeightedAverage (IP-IFOWA) operator, Probability In-
tuitionistic Fuzzy Ordered Weighted Average (P-IFOWA) op-
erator, Probability Intuitionistic Fuzzy Weighted Geometric
(P-IFWG) operator, Immediate Probability Intuitionistic Fuzzy
Ordered Weighted Geometric (IP-IFOWG) operator and Proba-
bility Intuitionistic Fuzzy Ordered Weighted Geometric
(P-IFOWG) operator. Furthermore, we shall extend the devel-
oped models and procedures to solve probabilistic decision-
making problems with interval-valued intuitionistic fuzzy
information. Finally, some illustrative examples about the se-
lection of the optimal production strategy have been given to
show the developed method.
In order to do so, the remainder of this paper is set out as
follows. In the next section, we introduce some basic concepts
related to intuitionistic fuzzy sets and probabilistic aggregating
operators. In Section 3, we propose some new probability
aggregation operators with intuitionistic fuzzy information.
In Section 4 we propose some new probability aggregation
operators with interval-valued intuitionistic fuzzy information.
In Section 5, an illustrative example about the selection of the
optimal production strategy is pointed out. In Section 6 we
conclude the paper and give some remarks.
2. Preliminaries
In the following, we shall introduce some basic concepts
related to intuitionistic fuzzy sets and immediate probabilities.2.1. Intuitionistic fuzzy sets
Definition 1. Let X be a universe of discourse, then a fuzzy set
is defined as:
A = {⟨x, µA (x)⟩ |x ∈ X } , (1)
which is characterized by a membership function µA : X →
[0, 1], where µA (x) denotes the degree of membership of the
element x to the set A [3].
Atanassov [1,2] extended the fuzzy set to the IFS, shown as
follows:
Definition 2. An IFS A in X is given by:
A = {⟨x, µA (x) , νA (x)⟩ |x ∈ X } , (2)
where µA : X → [0, 1] and νA : X → [0, 1], with the
condition:
0 ≤ µA (x)+ νA (x) ≤ 1, ∀ x ∈ X .
The numbers µA (x) and νA (x) represent, respectively, the
membership degree and non-membership degree of the
elementxto the set A [1,2].
Definition 3. For each IFS A in X , if:
πA (x) = 1− µA (x)− νA (x) , ∀ x ∈ X (3)
then πA (x) is called the degree of indeterminacy of x to A [1,2].
Definition 4. Let a˜ = (µ, ν) be an intuitionistic fuzzy value;
a score function, S, of an intuitionistic fuzzy value can be
represented as follows [34]:
S

a˜
 = µ− ν, S a˜ ∈ [−1, 1] (4)
Definition 5. Let a˜ = (µ, ν) be an intuitionistic fuzzy value;
an accuracy function H of an intuitionistic fuzzy value can be
represented as follows [43]:
H

a˜
 = µ+ ν, H a˜ ∈ [0, 1] (5)
to evaluate the degree of accuracy of the intuitionistic fuzzy
value a˜ = (µ, ν), where H a˜ ∈ [0, 1]. The larger the value
of H

a˜

, the more the degree of accuracy of the intuitionistic
fuzzy value a˜ is.
As presented above, the score function, S, and the accuracy
function, H , are, respectively, defined as the difference and
the sum of the membership function µ˜A (x) and the non-
membership function ν˜A (x). Hong and Choi [44] showed that
the relation between the score function, S, and the accuracy
function, H , is similar to the relation between mean and
variance in statistics. Based on the score function, S, and
the accuracy function, H , in the following, Xu [9,10] give an
order relation between two intuitionistic fuzzy values, which
is defined as follows.
Definition 6. Let a˜1 = (µ1, ν1) and a˜2 = (µ2, ν2) be two
intuitionistic fuzzy values, s

a˜1
 = µ1−ν1 and s a˜2 = µ2−ν2
be the scores of a˜ and b˜, respectively, and let H

a˜1
 = µ1 + ν1
and H

a˜2
 = µ2 + ν2 be the accuracy degrees of a˜ and b˜,
respectively, then if S

a˜

< S

b˜

, then a˜ is smaller than b˜,
denoted by a˜ < b˜; if S

a˜
 = S b˜, then:
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
a˜
 = H b˜, then a˜ and b˜ represent the same
information, denoted by a˜ = b˜;
(2) if H

a˜

< H

b˜

, a˜ is smaller than b˜, denoted by a˜ < b˜.
2.2. Probabilistic aggregating operators
Merigó [40,42] developed the Probabilistic Weighted Av-
erage (PWA) operator which is an aggregation operator that
unifies the probability and the weighted average in the same
formulation considering the degree of importance that each
concept has in the aggregation.
Definition 7. An PWA operator of dimension, n, is a mapping
PWA: Rn → R, such that:
PWA (a1, a2, . . . , an) =
n
j=1
vjaj, (6)
where ω = (ω1, ω2, . . . , ωn)T is the weight vector of aj (j =
1, 2, . . . , n), and ωj > 0,
n
j=1 ωj = 1, and a probabilistic
weight pj > 0,
n
j=1 pj = 1, vj = βpj + (1− β)ωj with
β ∈ [0, 1] and vj is the weight that unifies probabilities
and WAs in the same formulation, then PWA is called the
Probabilistic Weighted Average (PWA) operator. The PWA
operator is monotonic, bounded and idempotent [40,42].
Several authors [35–37] proposed the Immediate Probability
(IP) which tries to include the decision maker’s attitude in a
probabilistic decision-making problem. The main advantage is
that it is easy to apply it to almost all the probabilistic problems
studied before, such as decision-making problems, actuarial
sciences and statistics. Because the probabilistic information
is objective but uncertain, we cannot then guarantee that the
expected result is the result that will happen in the future. If we
are in the situations of uncertainty (risk environments), each
decision maker will have different attitudes towards the same
problem.
In order to develop the analysis, we use in the same for-
mulation the weights of the OWA operator and the probabilis-
tic information and propose the Immediate Probability OWA
(IP-OWA) operator. It can be defined as follows.
Definition 8. An IP-OWA operator of dimension n is a mapping
IP-OWA: Rn → R, that has an associated weight vector w =
(w1, w2, . . . , wn)
T , such that wj > 0 and
n
j=1wj = 1.
Furthermore:
IP-OWA (a1, a2, . . . , an) =
n
j=1
pˆjaσ(j), (7)
where (σ (1) , σ (2) , . . . , σ (n)) is a permutation of (1, 2,
. . . , n), such that ασ(j−1) ≥ ασ(j) for all j = 2, . . . , n, each ai
has associated a probability pi, pj is the associated probability
of ασ(j), and pˆj = wjpjn
j=1 wjpj
[35–37].
It is worth pointing out that IP-OWA operator is a
good approach for unifying probabilities and OWAs in some
particular situations. But it is not always useful, especially in
situations where we want to give more importance to the
probabilities or to the OWA operators. In order to show why
this unification does not seem to be a final model, we could also
consider other ways of representing pˆj. For example, we could
also use pˆj = wj+pjn
j=1(wj+pj)
or other similar approaches.Another approach for unifying probabilities and OWAs
in the same formulation is the Probabilistic OWA (POWA)
operator [40,41]. Its main advantage is that it is able to include
both concepts considering the degree of importance of each
case in the problem.
Definition 9. An POWA operator of dimension n is a mapping
PWA: Rn → R that has an associated weight vector w =
(w1, w2, . . . , wn)
T , such that wj > 0 and
n
j=1wj = 1,
according to the following formula:
POWA (a1, a2, . . . , an) =
n
j=1
pˆjaσ(j), (8)
where (σ (1) , σ (2) , . . . , σ (n)) is a permutation of (1, 2,
. . . , n), such that ασ(j−1) ≥ ασ(j) for all j = 2, . . . , n, each ai has
associated a probability pi, with
n
i=1 pi = 1 and pi ∈ [0, 1],
pˆj = βpj + (1− β)wj with β ∈ [0, 1] and pj is the associated
probability of ασ(j) [40,41].
3. Probabilistic aggregating operators with intuitionistic
fuzzy information
The WA [45] and OWA operators [46–48], however, have
usually been used in the situations where the input arguments
are the exact values. Xu [10] extended the WA and OWA
operators to accommodate the situations where the input
arguments are intuitionistic fuzzy information.
Definition 10. Let a˜j =

µj, νj

(j = 1, 2, . . . , n)be a collection
of intuitionistic fuzzy values, and let IFWA: Q n → Q ; if:
IFWAω

a˜1, a˜2, . . . , a˜n
 = n
j=1
ωja˜j
=

1−
n
j=1

1− µj
ωj , n
j=1
ν
ωj
j

, (9)
where ω = (ω1, ω2, . . . , ωn)T be the weight vector of a˜j (j =
1, 2, . . . , n), and ωj > 0,
n
j=1 ωj = 1, then IFWA is called the
Intuitionistic Fuzzy Weighted Averaging (IFWA) operator [10].
Definition 11. Let a˜j =

µj, νj

(j = 1, 2, . . . , n)be a collection
of intuitionistic fuzzy values. An Intuitionistic Fuzzy Ordered
Weighted Averaging (IFOWA) operator of dimension n is a
mapping IFOWA:Q n → Q , that has an associatedweight vector
w = (w1, w2, . . . , wn)T , such that wj > 0 andnj=1wj = 1.
Furthermore:
IFOWAw

a˜1, a˜2, . . . , a˜n
 = n
j=1
a˜σ(j)wj
=

1−
n
j=1

1− µσ(j)
wj , n
j=1
ν
wj
σ(j)

, (10)
where (σ (1) , σ (2) , . . . , σ (n)) is a permutation of (1, 2,
. . . , n), such that α˜σ(j−1) ≥ α˜σ(j) for all j = 2, . . . , n. [10].
Similarly, the PWA operator, IPOWA operator and POWA
operator have usually been used in the situations where
the input arguments are the exact values. In the following,
we shall extend these operators to accommodate the sit-
uations where the input arguments are intuitionistic fuzzy
information. These operators include: Probability Intuition-
istic Fuzzy Weighted Average (P-IFWA) operator, Immedi-
ate Probability Intuitionistic Fuzzy Ordered Weighted Average
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dered Weighted Average (P-IFOWA) operator. The P-IFWA is
an aggregation operator that unifies the probability and the
weighted average in the same formulation considering the de-
gree of importance that each concept has in the aggregation
and using uncertain information representedwith intuitionistic
fuzzy values.
Definition 12. Let a˜j =

µj, νj

(j = 1, 2, . . . , n)be a collection
of intuitionistic fuzzy values. An P-IFWA operator of dimension
n is a mapping P-IFWA: Q n → Q , such that:
P-IFWAνˆ

a˜1, a˜2, . . . , a˜n
 = n
j=1
νˆja˜j
=

1−
n
j=1

1− µj
νˆj , n
j=1
ν
νˆj
j

, (11)
where ω = (ω1, ω2, . . . , ωn)T is the weight vector of aj (j =
1, 2, . . . , n), and ωj > 0,
n
j=1 ωj = 1, and a probabilistic
weight pj > 0,
n
j=1 pj = 1, vˆj = βpj + (1− β)ωj with
β ∈ [0, 1] and vˆj is the weight that unifies probabilities and
IFWAs in the same formulation.
Especially, if β = 0, then, the P-IFWA operator is reduced
to the IFWA operator; if β = 1, it becomes the Intuitionistic
Fuzzy Probabilistic Aggregation (IFPA). Note that the P-IFWA is
monotonic, bounded and idempotent. It is monotonic because
if a˜i ≥ ui for all a˜i, then, P− IFWA

a˜1, a˜2, . . . , a˜n
 ≥
P-IFWA (u1, u2, . . . , un). It is bounded because the P-IFWA
aggregation is delimitated by the minimum and the maximum,
that is, Min{a˜i} = P-IFWA(a˜1, . . . , a˜n) = Max{a˜i}. It is
idempotent because if a˜i = a˜ for all a˜i, then, P-IFWA
(a˜1, . . . , a˜n) = a˜.
The IP-IFOWA operator is an aggregation operator that
uses probabilities and OWAs in the same formulation and
information represented with intuitionistic fuzzy values.
Definition 13. Let a˜j =

µj, νj

(j = 1, 2, . . . , n)be a collection
of intuitionistic fuzzy values. An IP-IFOWA operator of dimen-
sion n is a mapping IP-IFOWA: Q n → Q , that has an associated
weight vector w = (w1, w2, . . . , wn)T , such that wj > 0 andn
j=1wj = 1. Furthermore,
IP-IFOWApˆ

a˜1, a˜2, . . . , a˜n
 = n
j=1
pˆja˜σ(j)
=

1−
n
j=1

1− µσ(j)
pˆj , n
j=1
ν
pˆj
σ(j)

, (12)
where (σ (1) , σ (2) , . . . , σ (n)) is a permutation of (1, 2,
. . . , n), such that α˜σ(j−1) ≥ α˜σ(j) for all j = 2, . . . , n, each ai
has associated a probability pi, pj is the associated probability
of α˜σ(j), and pˆj = wjpjn
j=1 wjpj
.
It is worth pointing out that IP-IFOWA operator is a
good approach for unifying probabilities and IFOWAs in some
particular situations. But it is not always useful, especially in
the situations where we want to give more importance to the
probabilities or to the IFOWA operators. In order to show why
this unification does not seem to be a final model, we could also
consider other ways of representing pˆj. For example, we could
also use pˆj = wj+pjn
j=1(wj+pj)
or other similar approaches.
The P-IFOWA operator unifies the probability and the OWA
operator in the same formulation considering the degree ofimportance of each concept in the aggregation. It also uses
information represented in the form of intuitionistic fuzzy
values.
Definition 14. Let a˜j =

µj, νj

(j = 1, 2, . . . , n)be a collection
of intuitionistic fuzzy values. An P-IFOWA operator of dimen-
sion n is a mapping P-IFOWA: Q n → Q that has an associated
weight vector w = (w1, w2, . . . , wn)T , such that wj > 0 andn
j=1wj = 1. Furthermore,
P-IFOWAp˜

a˜1, a˜2, . . . , a˜n
 = n
j=1
p˜ja˜σ(j)
=

1−
n
j=1

1− µσ(j)
p˜j , n
j=1

νσ(j)
p˜j , (13)
where (σ (1) , σ (2) , . . . , σ (n)) is a permutation of (1, 2,
. . . , n), such that α˜σ(j−1) ≥ α˜σ(j) for all j = 2, . . . , n, each a˜i has
associated a probability pi, with
n
i=1 pi = 1 and pi ∈ [0, 1],
p˜j = βpj + (1− β)wj with β ∈ [0, 1] and pj is the associated
probability of α˜σ(j).
Especially, if β = 0, then, the P-IFOWA operator is
reduced to the IFOWA operator; and if β = 1, it becomes
the Intuitionistic Fuzzy Probabilistic Aggregation (IFPA). The
P-IFOWA operator is also bounded, idempotent andmonotonic.
Furthermore, Xu and Yager [9] extended the WG and OWG
operators [47] to accommodate the situations where the input
arguments are intuitionistic fuzzy information.
Definition 15. Let a˜j =

µj, νj

(j = 1, 2, . . . , n)be a collection
of intuitionistic fuzzy values, and let IFWG: Q n → Q , if:
IFWGω

a˜1, a˜2, . . . , a˜n
 = n
j=1

a˜j
ωj
=

n
j=1
µ
ωj
j , 1−
n
j=1

1− νj
ωj , (14)
where ω = (ω1, ω2, . . . , ωn)T be the weight vector of a˜j (j =
1, 2, . . . , n), and ωj > 0,
n
j=1 ωj = 1, then IFWG is called the
Intuitionistic Fuzzy Weighted Geometric (IFWG) operator [9].
Definition 16. Let a˜j =

µj, νj

(j = 1, 2, . . . , n)be a collection
of intuitionistic fuzzy values. An Intuitionistic Fuzzy Ordered
Weighted Geometric (IFOWG) operator of dimension n is a
mapping IFOWG: Q n → Q that has an associatedweight vector
w = (w1, w2, . . . , wn)T , such that wj > 0 andnj=1wj = 1.
Furthermore,
IFOWGw

a˜1, a˜2, . . . , a˜n
 = n
j=1

a˜σ(j)
wj
=

n
j=1
µ
wj
σ(j), 1−
n
j=1

1− νσ(j)
wj , (15)
where (σ (1) , σ (2) , . . . , σ (n)) is a permutation of (1, 2,
. . . , n), such that α˜σ(j−1) ≥ α˜σ(j) for all j = 2, . . . , n [9].
In the following, we shall propose some probabilistic geo-
metric aggregating operators to accommodate the situations
where the input arguments are intuitionistic fuzzy informa-
tion. These operators include: Probability Intuitionistic Fuzzy
Weighted Geometric (P-IFWG) operator, Immediate Probability
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operator and Probability Intuitionistic Fuzzy OrderedWeighted
Geometric (P-IFOWG) operator.
Definition 17. Let a˜j =

µj, νj

(j = 1, 2, . . . , n)be a collection
of intuitionistic fuzzy values. An P-IFWG operator of dimension
n is a mapping P-IFWG: Q n → Q , such that:
P-IFWGνˆ

a˜1, a˜2, . . . , a˜n
 = n
j=1

a˜j
νˆj
=

n
j=1
µ
νˆj
j , 1−
n
j=1

1− νj
νˆj , (16)
where ω = (ω1, ω2, . . . , ωn)T is the weight vector of a˜j (j =
1, 2, . . . , n), and ωj > 0,
n
j=1 ωj = 1, and a probabilistic
weight pj > 0,
n
j=1 pj = 1, vˆj = βpj + (1− β)ωj with
β ∈ [0, 1] and vˆj is the weight that unifies probabilities and
IFWGs in the same formulation.
Especially, if β = 0, then, the P-IFWG operator is reduced to
IFWG operator.
Definition 18. Let a˜j =

µj, νj

(j = 1, 2, . . . , n)be a collection
of intuitionistic fuzzy values. An IP-IFOWG operator of dimen-
sion n is a mapping IP-IFOWG: Q n → Q that has an associated
weight vector w = (w1, w2, . . . , wn)T , such that wj > 0 andn
j=1wj = 1. Furthermore:
IP-IFOWGpˆ

a˜1, a˜2, . . . , a˜n
 = n
j=1

a˜σ(j)
pˆj
=

n
j=1
µ
pˆj
σ(j), 1−
n
j=1

1− νσ(j)
pˆj , (17)
where (σ (1) , σ (2) , . . . , σ (n)) is a permutation of (1, 2,
. . . , n), such that α˜σ(j−1) ≥ α˜σ(j) for all j = 2, . . . , n, each ai
has associated a probability pi, pj is the associated probability
of α˜σ(j), and pˆj = wjpjn
j=1 wjpj
.
It is worth pointing out that IP-IFOWG operator is a
good approach for unifying probabilities and IFOWGs in some
particular situations. But it is not always useful, especially in
the situations where we want to give more importance to the
probabilities or to the IFOWG operators. In order to show why
this unification does not seem to be a final model, we could also
consider other ways of representing pˆj. For example, we could
also use pˆj = wj+pjn
j=1(wj+pj)
or other similar approaches.
Definition 19. Let a˜j =

µj, νj

(j = 1, 2, . . . , n)be a collection
of intuitionistic fuzzy values. An P-IFOWG operator of dimen-
sion n is a mapping P-IFOWG: Q n → Q that has an associated
weight vector w = (w1, w2, . . . , wn)T , such that wj > 0 andn
j=1wj = 1. Furthermore,
P-IFOWGp˜

a˜1, a˜2, . . . , a˜n
 = n
j=1

a˜σ(j)
p˜j
=

n
j=1
µ
p˜j
σ(j), 1−
n
j=1

1− νσ(j)
p˜j , (18)
where (σ (1) , σ (2) , . . . , σ (n)) is a permutation of (1, 2,
. . . , n), such that α˜σ(j−1) ≥ α˜σ(j) for all j = 2, . . . , n, each a˜i has
associated a probability pi, with
n
i=1 pi = 1 and pi ∈ [0, 1],p˜j = βpj + (1− β)wj with β ∈ [0, 1] and pj is the associated
probability of α˜σ(j). Especially, if β = 0, then, the P-IFOWG
operator is reduces to the IFOWG operator.
4. Extensions
Atanassov and Gargov [19,20] further introduced the
Interval-Valued Intuitionistic Fuzzy Set (IVIFS), which is a
generalization of the IFS. The fundamental characteristic of the
IVIFS is that the values of its membership function and non-
membership function are intervals rather than exact numbers.
Definition 20. Let X be a universe of discourse. An IVIFS A˜ over
X is an object having the form [19,20]:
A˜ = {⟨x, µ˜A (x) , ν˜A (x)⟩ |x ∈ X } , (19)
where µ˜A (x) ⊂ [0, 1] and ν˜A (x) ⊂ [0, 1] are interval numbers,
and:
0 ≤ sup (µ˜A (x))+ sup (ν˜A (x)) ≤ 1, ∀ x ∈ X .
For convenience, let µ˜A (x) = [a, b], ν˜A (x) = [c, d], so A˜ =
([a, b] , [c, d]).
Definition 21. Let a˜ = ([a, b] , [c, d]) be an interval-
valued intuitionistic fuzzy number. A score function S of an
interval-valued intuitionistic fuzzy value can be represented as
follows [25–27]:
S

a˜
 = a− c + b− d
2
, S

a˜
 ∈ [−1, 1] . (20)
Definition 22. Let a˜ = ([a, b] , [c, d]) be an interval-valued
intuitionistic fuzzy number. An accuracy function H of an
interval-valued intuitionistic fuzzy value can be represented as
follows [25–27]:
H

a˜
 = a+ b+ c + d
2
, H

a˜
 ∈ [0, 1] , (21)
to evaluate the degree of accuracy of the interval-valued
intuitionistic fuzzy value a˜ = ([a, b] , [c, d]), where H a˜ ∈
[0, 1]. The larger the value of H

a˜

, the more the degree of
accuracy of the interval-valued intuitionistic fuzzy value a˜ is.
Based on the score function Sand the accuracy functionH , in
the following, Xu [25–27] give an order relation between two
interval-valued intuitionistic fuzzy values, which is defined as
follows.
Definition 23. Let a˜1 = ([a1, b1] , [c1, d1]) and a˜2 =
([a2, b2] , [c2, d2]) be two interval-valued intuitionistic fuzzy
values, s

a˜1
 = a1−c1+b1−d12 and s a˜2 = a2−c2+b2−d22 be the
scores of a˜ and b˜, respectively, and let H

a˜1
 = a1+c1+b1+d12
and H

a˜2
 = a2+c2+b2+d22 be the accuracy degrees of a˜ and b˜,
respectively, then if S

a˜

< S

b˜

, then a˜ is smaller than b˜,
denoted by a˜ < b˜; if S

a˜
 = S b˜, then:
(1) if H

a˜
 = H b˜, then a˜ and b˜ represent the same
information, denoted by a˜ = b˜;
(2) if H

a˜

< H

b˜

, a˜ is smaller than b˜, denoted by a˜ < b˜.
Xu and Chen [25] developed the Interval-Valued Intu-
itionistic Fuzzy Weighted Averaging (IVIFWA) operator and
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ing (IVIFOWA) operator.
Definition 24. Let a˜j =

aj, bj

,

cj, dj

(j = 1, 2, . . . , n) be a
collection of interval-valued intuitionistic fuzzy values, and let
IVIFWA: Q n → Q , if:
IVIFWAω

a˜1, a˜2, . . . , a˜n
 = n
j=1
ωja˜j
=

1−
n
j=1

1− aj
ωj , 1− n
j=1

1− bj
ωj ,
n
j=1
c
ωj
j ,
n
j=1
d
ωj
j

, (22)
where ω = (ω1, ω2, . . . , ωn)T is the weight vector of a˜j (j =
1, 2, . . . , n), and ωj > 0,
n
j=1 ωj = 1, then IVIFWA is called
the Interval-Valued Intuitionistic Fuzzy Weighted Averaging
(IVIFWA) operator [25].
Definition 25. Let a˜j =

aj, bj

,

cj, dj

(j = 1, 2, . . . , n)
be a collection of interval-valued intuitionistic fuzzy values.
An Interval-Valued Intuitionistic Fuzzy Ordered Weighted
Averaging (IVIFOWA) operator of dimension n is a mapping
IVIFOWA: Q n → Q , that has an associated vector w =
(w1, w2, . . . , wn)
T , such that wj > 0 and
n
j=1wj = 1,
Furthermore:
IVIFOWAw

a˜1, a˜2, . . . , a˜n
 = n
j=1
wja˜σ(j)
=

1−
n
j=1

1− aσ(j)
wj , 1− n
j=1

1− bσ(j)
wj ,
n
j=1
c
wj
σ(j),
n
j=1
d
wj
σ(j)

, (23)
where (σ (1) , σ (2) , . . . , σ (n)) is a permutation of (1, 2,
. . . , n), such that α˜σ(j−1) ≥ α˜σ(j) for all j = 2, . . . , n [25].
In the following, we shall propose some new probability
aggregating operators with interval-valued intuitionistic fuzzy
information: probability Interval-Valued Intuitionistic Fuzzy
Weighted Average (P-IVIFWA) operator, immediate probability
Interval-Valued Intuitionistic Fuzzy OrderedWeighted Average
(IP-IVIFOWA) operator and Probability Interval-Valued Intu-
itionistic Fuzzy OrderedWeighted Average (P-IVIFOWA) opera-
tor. Theirmain advantage is that they unify the probability with
the weighted average or with the OWA operator in an uncer-
tain environment that can be assessed with interval-valued in-
tuitionistic fuzzy information.
Definition 26. Let a˜j =

aj, bj

,

cj, dj

(j = 1, 2, . . . , n) be
a collection of interval-valued intuitionistic fuzzy values. An P-
IVIFWA operator of dimension n is a mapping P-IVIFWA: Q n →
Q , such that:
P-IVIFWAν

a˜1, a˜2, . . . , a˜n
 = n
j=1
νja˜j
=

1−
n
j=1

1− aj
νj , 1− n
j=1

1− bj
νj ,
n
j=1
c
νj
j ,
n
j=1
d
νj
j

, (24)where ω = (ω1, ω2, . . . , ωn)T is the weight vector of aj (j =
1, 2, . . . , n), and ωj > 0,
n
j=1 ωj = 1, and a probabilistic
weight pj > 0,
n
j=1 pj = 1, vj = βpj + (1− β)ωj with
β ∈ [0, 1] and vj is the weight that unifies probabilities and
IVIFWA in the same formulation.
Especially, if β = 0, then the P-IVIFWA operators are
reduced to the IVIFWA operator. And if β = 1, it becomes the
Interval-Valued Intuitionistic Fuzzy Probabilistic Aggregation
(IVIFPA).
Definition 27. Let a˜j =

aj, bj

,

cj, dj

(j = 1, 2, . . . , n)
be a collection of interval-valued intuitionistic fuzzy values. An
IP-IVIFOWA operator of dimension n is a mapping IP-IVIFOWA:
Q n → Q , that has an associated weight vector w =
(w1, w2, . . . , wn)
T , such that wj > 0 and
n
j=1wj = 1,
Furthermore,
IP-IVIFOWApˆ

a˜1, a˜2, . . . , a˜n
 = n
j=1
pˆja˜σ(j)
=

1−
n
j=1

1− aσ(j)
pˆj , 1− n
j=1

1− bσ(j)
pˆj ,

n
j=1
c
pˆj
σ(j),
n
j=1
d
pˆj
σ(j)

, (25)
where (σ (1) , σ (2) , . . . , σ (n)) is a permutation of (1, 2,
. . . , n), such that α˜σ(j−1) ≥ α˜σ(j) for all j = 2, . . . , n, each ai
has associated a probability pi, pj is the associated probability
of α˜σ(j), and pˆj = wjpjn
j=1 wjpj
. We could also use pˆj = wj+pjn
j=1(wj+pj)
or other similar approaches.
Definition 28. Let a˜j =

aj, bj

,

cj, dj

(j = 1, 2, . . . , n) be
a collection of interval-valued intuitionistic fuzzy values. An
P-IVIFOWA operator of dimension n is a mapping P-IVIFOWA:
Q n → Q , that has an associated weight vector w =
(w1, w2, . . . , wn)
T , such that wj > 0 and
n
j=1wj = 1,
Furthermore,
P-IVIFOWAp˜

a˜1, a˜2, . . . , a˜n
 = n
j=1
p˜ja˜j
=

1−
n
j=1

1− aj
p˜j , 1− n
j=1

1− bj
p˜j ,

n
j=1
c
p˜j
j ,
n
j=1
d
p˜j
j

, (26)
where (σ (1) , σ (2) , . . . , σ (n)) is a permutation of (1, 2,
. . . , n), such that α˜σ(j−1) ≥ α˜σ(j) for all j = 2, . . . , n, each a˜i has
associated a probability pi, with
n
i=1 pi = 1 and pi ∈ [0, 1],
p˜j = βpj + (1− β)wj with β ∈ [0, 1] and pj is the associated
probability of α˜σ(j).
Especially, if β = 0, then the P-IVIFOWA operators are
reduced to the IVIFOWA operator; and if β = 1, it becomes the
IVIFPA.
Xu and Chen [26] developed the Interval-Valued Intuitionis-
tic Fuzzy Weighted Geometric (IVIFWG) operator and Interval-
Valued Intuitionistic Fuzzy Ordered Weighted Geometric
(IVIFOWG) operator.
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
aj, bj

,

cj, dj

(j = 1, 2, . . . , n) be a
collection of interval-valued intuitionistic fuzzy values, and let
IVIFWG: Q n → Q , if:
IVIFWGω

a˜1, a˜2, . . . , a˜n
 = n
j=1

a˜j
ωj
=

n
j=1
a
ωj
j ,
n
j=1
b
ωj
j

,

1−
n
j=1

1− cj
ωj , 1− n
j=1

1− dj
ωj , (27)
where ω = (ω1, ω2, . . . , ωn)T is the weight vector of a˜j (j =
1, 2, . . . , n), and ωj > 0,
n
j=1 ωj = 1, then IVIFWG is called
the Interval-Valued Intuitionistic Fuzzy Weighted Geometric
(IVIFWG) operator [26].
Definition 30. Let a˜j =

aj, bj

,

cj, dj

(j = 1, 2, . . . , n)
be a collection of interval-valued intuitionistic fuzzy values.
An Interval-Valued Intuitionistic Fuzzy Ordered Weighted
Geometric (IVIFOWG) operator of dimension n is a mapping
IVIFOWG: Q n → Q , that has an associated vector w =
(w1, w2, . . . , wn)
T , such that wj > 0 and
n
j=1wj = 1.
Furthermore,
IVIFOWGw

a˜1, a˜2, . . . , a˜n
 = n
j=1

a˜σ(j)
wj
=

n
j=1
a
wj
σ(j),
n
j=1
b
wj
σ(j)

,

1−
n
j=1

1− cσ(j)
wj , 1− n
j=1

1− dσ(j)
wj , (28)
where (σ (1) , σ (2) , . . . , σ (n)) is a permutation of (1, 2,
. . . , n), such that α˜σ(j−1) ≥ α˜σ(j) for all j = 2, . . . , n [26].
In the following, we shall propose some new probability
geometric aggregating operators with interval-valued intu-
itionistic fuzzy information: Probability Interval-Valued In-
tuitionistic Fuzzy Weighted Geometric (P-IVIFWG) operator,
Immediate Probability Interval-Valued Intuitionistic Fuzzy Or-
dered Weighted Geometric (IP-IVIFOWG) operator and Prob-
ability Interval-Valued Intuitionistic Fuzzy Ordered Weighted
Geometric (P-IVIFOWG) operator.
Definition 31. Let a˜j =

aj, bj

,

cj, dj

(j = 1, 2, . . . , n) be
a collection of interval-valued intuitionistic fuzzy values. An P-
IVIFWG operator of dimension n is a mapping P-IVIFWG: Q n →
Q , such that;
P-IVIFWGν

a˜1, a˜2, . . . , a˜n
 = n
j=1

a˜j
νj
=

n
j=1
a
νj
j ,
n
j=1
b
νj
j

,

1−
n
j=1

1− cj
νj , 1− n
j=1

1− dj
νj , (29)
where ω = (ω1, ω2, . . . , ωn)T is the weight vector of aj (j =
1, 2, . . . , n), and ωj > 0,
n
j=1 ωj = 1, and a probabilisticweight pj > 0,
n
j=1 pj = 1, vj = βpj + (1− β)ωj with
β ∈ [0, 1] and vj is the weight that unifies probabilities and
IVIFWGs in the same formulation. Especially, if β = 0, then the
P-IVIFWG operator is reduced to the IVIFWG operator.
Definition 32. Let a˜j =

aj, bj

,

cj, dj

(j = 1, 2, . . . , n) be a
collection of interval-valued intuitionistic fuzzy values, an IP-
IVIFOWG operator of dimension n is a mapping IP-IVIFOWG:
Q n → Q , that has an associated weight vector w =
(w1, w2, . . . , wn)
T , such that wj > 0 and
n
j=1wj = 1.
Furthermore:
IP-IVIFOWGpˆ

a˜1, a˜2, . . . , a˜n
 = n
j=1

a˜σ(j)
pˆj
=

n
j=1
a
pˆj
σ(j),
n
j=1
b
pˆj
σ(j)

,

1−
n
j=1

1− cσ(j)
pˆj , 1− n
j=1

1− dσ(j)
pˆj , (30)
where (σ (1) , σ (2) , . . . , σ (n)) is a permutation of (1, 2,
. . . , n), such that α˜σ(j−1) ≥ α˜σ(j) for all j = 2, . . . , n, each ai
has associated a probability pi, pj is the associated probability
of α˜σ(j), and pˆj = wjpjn
j=1 wjpj
. We could also use pˆj = wj+pjn
j=1(wj+pj)
or other similar approaches.
Definition 33. Let a˜j =

aj, bj

,

cj, dj

(j = 1, 2, . . . , n) be a
collection of interval-valued intuitionistic fuzzy values. An P-
IVIFOWG operator of dimension n is a mapping P-IVIFOWG:
Q n → Q , that has an associated weight vector w =
(w1, w2, . . . , wn)
T , such that wj > 0 and
n
j=1wj = 1.
Furthermore.
P-IVIFOWGp˜

a˜1, a˜2, . . . , a˜n
 = n
j=1

a˜σ(j)
p˜j
=

n
j=1
a
p˜j
j ,
n
j=1
b
p˜j
j

,

1−
n
j=1

1− cj
p˜j , 1− n
j=1

1− dj
p˜j , (31)
where (σ (1) , σ (2) , . . . , σ (n)) is a permutation of (1, 2,
. . . , n), so α˜σ(j−1) ≥ α˜σ(j) for all j = 2, . . . , n, each a˜i has
associated a probability pi, with
n
i=1 pi = 1 and pi ∈ [0, 1],
p˜j = βpj + (1− β)wj with β ∈ [0, 1] and pj is the associated
probability of α˜σ(j). Especially, if β = 0, then the P-IVIFOWG
operators are reduced to the IVIFOWG operator.
5. Illustrative example
In this section, we shall analyse a decision-making problem
about the selection of the optimal production strategy [37].
Assume a company wants to create a new product and they
are analyzing the optimal target in order to obtain the highest
benefits. After analyzing themarket, they consider five possible
strategies to follow:
(1) A1: Creating a new product oriented to the rich customers;
(2) A2: Creating a new product oriented to the mid-level
customers;
(3) A3: Creating a new product oriented to the low-level
customers;
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S1 S2 S3 S4 S5
A1 (0.1, 0.2) (0.2, 0.7) (0.3, 0.6) (0.2, 0.4) (0.2, 0.5)
A2 (0.7, 0.3) (0.7, 0.2) (0.7, 0.2) (0.8, 0.2) (0.6, 0.1)
A3 (0.3, 0.4) (0.5, 0.4) (0.6, 0.3) (0.4, 0.3) (0.4, 0.5)
A4 (0.8, 0.1) (0.6, 0.3) (0.3, 0.4) (0.2, 0.6) (0.7, 0.2)
A5 (0.4, 0.2) (0.4, 0.5) (0.6, 0.2) (0.5, 0.3) (0.3, 0.5)
Table 2: Immediate probabilities of the problem.
S1 S2 S3 S4 S5
IP1 0.150 0.100 0.200 0.100 0.450
IP2 0.045 0.273 0.182 0.091 0.409
IP3 0.105 0.316 0.105 0.316 0.158
IP4 0.167 0.111 0.333 0.222 0.167
IP5 0.105 0.316 0.105 0.316 0.158
(4) A4: Creating a new product adapted to all customers;
(5) A5: Not creating any products.
After careful review of the information, the decision maker
establishes the following general information about the pro-
duction strategy. He has summarized the information of the
strategies in five general characteristics:
(1) S1: Benefits in the short term;
(2) S2: Benefits in the mid term;
(3) S3: Benefits in the long term;
(4) S4: Risk of the production strategy;
(5) S5: Other factors.
The five possible strategies Ai (i = 1, 2, . . . , 5) are to be
evaluated using the intuitionistic fuzzy numbers by the decision
makers under the above five general characteristics, and
construct the decision matrix as shown in Table 1.
Then, we utilize the approach developed to get the most
desirable alternative(s).
Step 1. With respect to this problem, the experts in the
company find probabilistic information given as follows:
P = (0.3, 0.3, 0.2, 0.1, 0.1). They assume that the WA, that
represents the degree of importance of each characteristics,
is: ω = (0.2, 0.25, 0.15, 0.3, 0.1). Note that the probabilistic
information has an importance of 40% and the WA an
importance of 60%. Furthermore, the policy of the company
is to be very pessimistic in order to obtain safety results
whenever the future results are not clear. Therefore, they decideTable 5: Ordering of the alternative.
Ordering
IFWA A2 > A4 > A5 > A3 > A1
IFOWA A2 > A4 > A5 > A3 > A1
P-IFWA A2 > A4 > A5 > A3 > A1
P-IFOWA A2 > A4 > A5 > A3 > A1
IP-IFOWA A2 > A4 > A5 > A3 > A1
IFWG A2 > A5 > A3 > A4 > A1
IFOWG A2 > A5 > A3 > A4 > A1
P-IFWG A2 > A4 > A5 > A3 > A1
P-IFOWG A2 > A4 > A5 > A3 > A1
IP-IFOWG A2 > A4 > A5 > A3 > A1
to manipulate the probabilities by using the following OWA
weighting vector:w = (0.1, 0.2, 0.2, 0.0.2, 0.3). Aswe can see,
this weighting vector seems to be pessimistic because it gives
higher importance to the lowest result used in the last weight.
Note that the company will use immediate probabilities in
order to assess this problem. The results found in the immediate
probabilities by using the above probabilities and weights are
shown in Table 2.
Step 2. We use the arithmetic aggregating operator to aggre-
gate the decision information in Table 1 and probabilistic in-
formation. The results are shown in Table 3. These arithmetic
aggregating operators include the IFWA operator, IFOWA,
P-IFWA operator, P-IFOWA and IP-IFOWA operator.
Step 3. We use the geometric aggregating operator to aggregate
the decision information in Table 1 and probabilistic informa-
tion. The results are shown in Table 4. These geometric aggre-
gating operators include the IFWG operator, IFOWG, P-IFWG
operator, P-IFOWG and IP-IFOWG operator.
Step 4. According to the different aggregating operators and
score functions, the ordering of the alternatives is shown in
Table 5. Note that > means ‘‘preferred to’’. As we can see,
depending on the aggregation operators used, the ordering of
the strategies is slightly different. Therefore, depending on the
aggregation operators used, the results may lead to different
decisions. However, all of the operators produce the same best
strategy A2.
If the five possible strategies Ai (i = 1, 2, . . . , 5) are to
be evaluated using the interval-valued intuitionistic fuzzy
numbers by the decision makers under the above five general
characteristics, and construct the decision matrix as shown in
Table 6.Table 3: Intuitionistic fuzzy aggregated results (β = 0.40).
IFWA IFOWA P-IFWA P-IFOWA IP-IFOWA
A1 (0.20, 0.44) (0.21, 0.50) (0.20, 0.43) (0.20, 0.47) (0.21, 0.51)
A2 (0.73, 0.20) (0.69, 0.20) (0.72, 0.21) (0.70, 0.20) (0.70, 0.22)
A3 (0.44, 0.36) (0.43, 0.39) (0.45, 0.37) (0.44, 0.39) (0.43, 0.39)
A4 (0.55, 0.30) (0.51, 0.32) (0.58, 0.27) (0.56, 0.28) (0.56, 0.29)
A5 (0.46, 0.31) (0.42, 0.34) (0.45, 0.31) (0.43, 0.33) (0.42, 0.32)Table 4: Intuitionistic fuzzy aggregated results (β = 0.40).
IFWG IFOWG P-IFWG P-IFOWG IP-IFOWG
A1 (0.19, 0.51) (0.20, 0.55) (0.18, 0.51) (0.19, 0.54) (0.20, 0.58)
A2 (0.72, 0.21) (0.69, 0.21) (0.71, 0.22) (0.69, 0.22) (0.69, 0.23)
A3 (0.42, 0.37) (0.41, 0.40) (0.42, 0.37) (0.42, 0.40) (0.41, 0.40)
A4 (0.42, 0.38) (0.40, 0.40) (0.46, 0.35) (0.44, 0.36) (0.46, 0.35)
A5 (0.44, 0.35) (0.40, 0.38) (0.44, 0.35) (0.41, 0.37) (0.41, 0.37)
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S1 S2 S3 S4 S5
A1 ([0.3, 0.5], [0.3, 0.4]) ([0.1, 0.3], [0.5, 0.6]) ([0.2, 0.5], [0.4, 0.5]) ([0.2, 0.3], [0.4, 0.6]) ([0.3, 0.6], [0.3, 0.4])
A2 ([0.6, 0.8], [0.1, 0.2]) ([0.6, 0.7], [0.2, 0.3]) ([0.7, 0.8], [0.1, 0.2]) ([0.6, 0.8], [0.1, 0.2]) ([0.5, 0.6], [0.3, 0.4])
A3 ([0.4, 0.5], [0.3, 0.4]) ([0.3, 0.4], [0.2, 0.4]) ([0.3, 0.4], [0.4, 0.5]) ([0.4, 0.5], [0.1, 0.3]) ([0.4, 0.5], [0.3, 0.4])
A4 ([0.4, 0.6], [0.1, 0.3]) ([0.5, 0.7], [0.1, 0.2]) ([0.5, 0.6], [0.2, 0.4]) ([0.4, 0.5], [0.1, 0.2]) ([0.5, 0.6], [0.2, 0.4])
A5 ([0.2, 0.4], [0.3, 0.4]) ([0.4, 0.5], [0.1, 0.2]) ([0.4, 0.5], [0.3, 0.5]) ([0.5, 0.6], [0.1, 0.2]) ([0.5, 0.6], [0.1, 0.2])Table 7: Immediate probabilities of the problem.
S1 S2 S3 S4 S5
IP1 0.045 0.273 0.182 0.091 0.409
IP2 0.105 0.316 0.105 0.316 0.158
IP3 0.048 0.286 0.095 0.286 0.286
IP4 0.167 0.333 0.111 0.222 0.167
IP5 0.045 0.091 0.273 0.182 0.409
In the following, we utilize another approach developed to
get the most desirable alternative(s).
Step 1. Similarly, the results found in the immediate probabili-
ties by using the above probabilities and weights are shown in
Table 7.
Step 2.We use the arithmetic aggregating operator to aggregate
the decision information in Table 6 and probabilistic informa-
tion. The results are shown in Table 8. The arithmetic aggregat-
ing operator includes the IVIFWA operator, IVIFOWA, P-IVIFWA
operator, P-IVIFOWA and IP-IVIFOWA operator.
Step 3. We use the geometric aggregating operator to aggre-
gate the decision information in Table 6 and probabilistic in-
formation. The results are shown in Table 9. These geometric
aggregating operators include the IVIFWG operator, IVIFOWG,
P-IVIFWG operator, P-IVIFOWG and IP-IVIFOWG operator.
Step 4. According to the different aggregating operators and
score functions, the ordering of the alternatives is shown
in Table 10. Note that > means ‘‘preferred to’’. As we can
see, in this example all the operators produce the same best
strategy A2.
6. Conclusion
The traditional probability aggregation operators are gener-
ally suitable for aggregating the information taking the formof numerical values, and yet they will fail in dealing with in-
tuitionistic fuzzy information or interval-valued intuitionistic
fuzzy information. In this paper, with respect to probabilistic
decision-making problems with intuitionistic fuzzy informa-
tion or interval-valued intuitionistic fuzzy information, some
new probabilistic decision-making analysis methods are devel-
oped. Firstly, some operational laws, score function and accu-
racy function of intuitionistic fuzzy values or interval-valued
intuitionistic fuzzy values are introduced. Then, we have de-
veloped some new probability aggregation operators with in-
tuitionistic fuzzy information: Probability Intuitionistic Fuzzy
Weighted Average (P-IFWA) operator, Immediate Probabil-
ity Intuitionistic Fuzzy Ordered Weighted Average (IP-IFOWA)
operator, Probability Intuitionistic Fuzzy Ordered Weighted
Average (P-IFOWA) operator, Probability Intuitionistic Fuzzy
Weighted Geometric (P-IFWG) operator, Immediate Probability
Intuitionistic Fuzzy Ordered Weighted Geometric (IP-IFOWG)
operator and Probability Intuitionistic Fuzzy OrderedWeighted
Geometric (P-IFOWG) operator and applied these operators to
decision-making problem about the selection of the optimal
production strategy. Furthermore, we shall extend the devel-
oped models and procedures to solve probabilistic decision-
making problems with interval-valued intuitionistic fuzzy
information. Finally, some illustrative examples have been
given to show the developed method. In the future, we shall
continue working in the extension and application of the de-
veloped operators to other domains.
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